We report an analysis of the metal-rich tail ([Fe/H] > −0.75) of halo stars located at distances from the Galactic plane z up to |z| ∼ 10 kpc, observed by the Apache Point Observatory Galactic Evolution Experiment (APOGEE). We examine the chemistry, kinematics, and dynamics of this metal-rich halo sample using chemical abundances and radial velocities provided by the fourteenth APOGEE data release (DR14) and proper motions from the second Gaia data release (DR2). The analysis reveals three chemically different stellar populations in the [Mg/Fe] vs. [Fe/H] space -the two distinct halo populations already reported in the literature, and a third group with intermediate [Mg/Fe] ∼+0.1. We derive the U, V and W velocity components with respect to the Local Standard of Rest, as well as orbits for the three stellar groups, and find that they differ also in their kinematical and dynamical properties. The high-[Mg/Fe] population exhibits a mean prograde rotation, as well as orbits that are more bound and closer to the plane, whereas the low-[Mg/Fe] population has < V > closer to 0, and stars that move in less-bound orbits reaching larger distances from the centre and the Galactic plane. The intermediate-Mg stars exhibit different orbital characteristics, moving with a strong prograde rotation and low excentricity, but in less-bound orbits. This stellar population resembles the two stellar overdensities lying about |z| ∼ 5 kpc recently reported in the literature, for which a disc origin has been claimed.
INTRODUCTION
The bulk of the stars in the Galactic halo are characterized by low metallicities, indicating that they were born during the first stages of Galactic formation, from gas enriched by the first generations of stars.
The seminal monolythic collapse model of Eggen et al. (1962) predicted that halo stars are the first stars born during the collapse of the protogalactic cloud, before the gas settled and formed a disc. However, within the current cosmological paradigm, the Λ Cold Dark Matter model describes galaxy formation as resulting from the assembly of larger structures from mergers of smaller substructures. This implies that the Galactic halo was populated by stars born in satellite galaxies which underwent different, individual starformation histories, and have been accreted into the Milky Way over time. Observational evidence gathered during the last decades provide support to this model, with the detection of stellar density substructures accross the Galactic halo (e.g., Grillmair 2009 , Newberg & Carlin 2015 , Bernard et al. 2016 .
Recent studies of the Galactic stellar halo have provided signatures for a variation in the spatial, chemical, and kinematical properties of halo stars with distance from the Galactic Centre -a break in the spatial distribution (Deason, Belokurov & Evans 2011; Ablimit & Zhao 2018) ; a gradient in the mean iron abundance (which is usually considered as a metallicity indicator in stars) with distance (Fernández-Alvar et al. 2015) correlated with the mean rotational velocity component (Carollo et al. 2007 (Carollo et al. , 2010 Beers et al. 2012 ; see also the discussions in Schönrich et al. 2014 and An et al. 2015) ; and signatures of different chemical enrichment with distance (Fernández-Alvar et al. 2015 Lee et al. 2017) .
Finally, two chemically distinct stellar populations in terms of the α-to-iron enrichment (Nissen & Schuster 2010 Fernández-Alvar et al. 2018; Hayes et al. 2018a) were also detected. All of these observational results led to the claim for a possible dual formation scenario for the Galactic halo, comprising in-situ star formation as well as accretion from satellite galaxies. Several numerical galaxy formation studies have considered the relative contribution of in-situ star formation with respect to an accreted origin throughout the halo (e.g., Font et al. 2011; Tissera et al. 2012 Tissera et al. , 2013 Tissera et al. , 2014 , and found that this relative fraction affects the global chemical and kinematical properties of the stars and their variation with distance.
Although the majority of the halo stars have [Fe/H] < −1.0, some of the previously mentioned works revealed stars at higher metallicities that strongly differ in kinematics with respect to disc stars, and instead exhibit halo-like motions (Nissen & Schuster et al. 2010 Schuster et al. 2012; Fernández-Alvar et al. 2018) . It is in this metal-rich range, −1.5 < [Fe/H] < −0.4, where the two distinct [α/Fe] populations were detected in the first place.
Based on the kinematical and dynamical properties of these metal-rich halo stars, and their overlap with the thickdisc chemical patterns in the [α/Fe] vs. [Fe/H] space, Nissen & Schuster (2010 and Schuster et al. (2012) proposed that the high-α stars could be old disc or bulge stars heated to halo kinematics by merging satellite galaxies, or could have formed during the collapse of a proto-Galactic gas cloud. Conversely, from their kinematics, the low-α populations would have been accreted, presumably from dwarf galaxies with low star-formation rates. Bonaca et al. (2017) kinematically identified halo stars within 3 kpc of the Sun moving with relative speeds larger than 220 kms −1 with respect to the Local Standard of Rest (LSR) . Surprisingly, half of this kinematically-defined halo sample have [Fe/H] > −1.0. Because these stars move on orbits that are preferentially aligned with the disc rotation, they proposed that these metal-rich halo stars may have formed in-situ in the disc, and later were perturbed by interactions with a more massive dwarf galaxy, rather than being accreted from satellite galaxies. Taking advantage of the enourmous improvement in accuracy and precision provided by the Gaia DR2 data (Gaia Collaboration et al. 2016) , Helmi et al (2018) claimed an accretion origin for stars with halo-like motions in the Solar Neighbourhood, which they associated with a relic of what could be the last major merger event to have occurred in the Galaxy, "Gaia-Enceladus". Haywood et al. (2018) have analysed the two Nissen & Schuster populations also using results from Gaia DR2. They found that these two groups of stars are located in two different sequences in the Hertzprung-Russell diagram, providing evidence that they are in fact two different stellar populations (the situation remained unclear for stars with [Fe/H] < −1.0). They also analysed the kinematical and dynamical properties of the two groups, confirming differences between them, and argued for a likely accreted origin of the low-α group, commensurate with the Helmi et al (2018) results.
In this work we aim to analyse the metal-rich halo component at distances beyond the Solar Neighbourhood. For this purpose we consider the chemical, kinematical, and dynamical properties of a halo sample selected from the Apache Point Observatory Galactic Evolution Experiment fourteenth data release (APOGEE DR14; Majewski et al. 2017 , Abolfathi et al. 2018 ) combined with Gaia DR2 (Gaia Collaboration et al. 2016 , 2018b . APOGEE is one of the Sloan Digital Sky Survey IV programs (Blanton et al. 2017) devoted to exploration of the various Galactic components, in order to understand the formation and evolution of our Galaxy.
This paper is organized as follows. The APOGEE data and our criteria to select halo stars are briefly explained in Section 2. In Section 3 we describe the chemical, kinematical, and dynamical analyses performed and the results obtained. Section 4 is a discussion of the implications of our results. Finally, we summarize our main conclusions in Section 5.
DATA
We select our sample of halo stars from the APOGEE fourteenth data release (DR14; Abolfathi et al. 2018) . This data release includes data from the SDSS-III (Eisenstein et al. 2011 ) APOGEE-1 program (which comprises observations gathered from August 2011 to July 2014 -see Zasowski et al. 2013) , as well as from the first two years of SDSS-IV APOGEE-2 data (July 2014 -July 2016 -see Zasowski et all. 2017) . Observations were taken using the Sloan Foundation 2.5-meter telescope (Gunn et al. 2006) at Apache Point observatory, and the APOGEE spectrograph (Wilson et al. 2010) . Data for both programs was processed (Nidever et al. 2015) , and chemical abundances and radial velocities derived , with the APOGEE Stellar Spectra Parameter Pipeline (ASPCAP; García-Pérez et al. 2016) .
We choose field halo stars located at distances from the Galactic plane larger than 5 kpc. The scale height of the thick disc is ∼ 1 kpc at the solar radius, thus, this selection cut minimizes thick-disc stars contamination (the thick disc density decreases to the 0.7%). The outer disc is warped and flared, and the scale height could vary by a factor of two between the solar neighbourhood and a distance of 12 kpc along the plane (Amôres et al. 2017) . This would imply a drop of the density of thick disc stars at |z| = 5 kpc down to a 8%, still low.
Distances were calculated by the SDSS Brazilian Participation Group (BPG) using the StarHorse code described in Santiago et al. (2016) and Queiroz et al. (2018) . The code calculates the posterior probability distribution over a grid of stellar evolutionary models (PARSEC 1.2S -Bressan et al. 2012) using a Bayesian methodology similar to that of Binney et al. (2014) . The input parameters are the spectroscopic parameters measured by ASPCAP, Gaia DR2 parallaxes corrected for a global zero-point shift of −0.052 mas (as determined by Zinn et al. 2018) , as well as APASS DR9 BV gri, 2MASS JHK s and WISE W1W2 photometry. The priors include the space density, IMF, age distributions, and MDF of the main Galactic components (thin and thick disc, bulge, and halo). The combination of Gaia DR2 and APOGEE data within the StarHorse code is described in detail in Santiago et al. (in prep.) .
We reject stars with flags warning of poor stellar parameter estimates, and those with signal-to-noise ratios lower than 80. We also only consider stars with 1.0 < log g < 3.5 and T eff > 4000 K. In the following analysis we calculate orbital parameters using Gaia DR2 proper motions and radial velocities released by APOGEE DR14. Our final sample comprises a total of 516 stars. This sample covers a distance to the Galactic Centre between 5 and ∼ 25 kpc. Several works have pointed out that ∼ 15 − 20 kpc is a transition radius between the inner-and outer halo-regions (Carollo et al. 2007 (Carollo et al. , 2010 Tissera et al. 2014; Fernándex-Alvar et al. 2017 ). Thus, with our sample, we examine primarily the inner-halo region.
ANALYSIS

Chemistry
We first examine the metallicity distribution function (MDF) as a function of the distance from the Galactic plane, |z|. The left panels in Figure 1 show the MDF for stars in our sample, but considering different cuts in |z|, i.e., those at distances |z| > 5, 6, ..., 10 kpc. The resulting distributions exhibit peaks at [Fe/H] ∼ −1.4 and extended tails at both lower and higher [Fe/H] , reaching up to solar values. In particular, there is a sample of stars at metallicities greater than [Fe/H] = −0.75, with a peak at [Fe/H]∼ −0.5, which remains even at distances |z| > 10 kpc.
We evaluate possible selection effects due to the different cuts in color, magnitude, T eff and log g performed to obtain our halo sample. We reproduce these selection cuts (excluding also stars at |z| < 5 kpc) over a TRILEGAL simulation ), centered at (l, b) = (60, 75). This analysis reveals that the restriction to the 1.0 < log g < 3.5 range distorts the MDF, and a peak at high metallicities, larger than -1.0, appears. For this reason we cannot rely on the shape of the MDF on the metal-rich side that we obtain from observations; however, this does not change the fact that we are detecting metal-rich stars at high distances from the plane.
The peak at [Fe/H] = −1.4 differs from the typical value associated with the MDF of the inner halo (see Carollo et al. 2007; Allende Prieto et al. 2014) . We have checked if this could be due to the method employed to determine chemical abundances by the ASPCAP pipeline. The stars do not exhibit any particular trend in T e f f and log g, and homogeneously cover the stellar parameter ranges for the entire halo sample. Even if this clump of stars at [Fe/H]=-1.4 is related to some systematic effect by the abundance determinations that we are not able to detect, it does not affect our main results, since in our following analysis we focus on stars with
The right panels of Figure 1 show the stars in the chemical space [Mg/Fe] Figure 2 shows the distribution of our sample in Galactic coordinates on an Aitoff projection. Stars in the top and bottom panels are depicted with colours indicating their [Fe/H]. Our sample, in particular the metal-rich tail, is wellspread over the sky, and exhibits no spatial evidence for being a recent accretion event. Figure 3 shows our halo sample in Galactic xy (top panel) and xz (bottom panel) coordinates, with colours indicating their [Fe/H] . Inspection of the panels shows that the high-[Fe/H] population is located at low |z|, extending over a wide range of x. As |z| increases the metal-poor halo begins to dominate.
Considering their chemical abundance trends, we clasify our halo sample into five groups:
In order to test if the metal-rich halo we identify belongs to a known stream, we compare the spatial distribution of our halo sample with the distances and positions of all the streams currently detected in the halo. Some of them match the path of the Sagittarius stream in Galactic coordinates, and some stars in our sample are located at distances compatible to its trailing arm. At We notice that the I-[Mg/Fe] group matches in (l,b), as well as in chemistry, with the two stellar overdensities in Triangulum/Andromeda (Rocha-Pinto et al. 2004; Martin et al. 2007; Price-Whelan et al. 2015; Perottoni et al. 2018 ) and A13 (Sharma et al. 2010; Li et al. 2017) . These have been recently spectrocopically follow up by Bergemann et al. (2018) and Hayes et al. (2018b) . The latter analyzed APOGEE stars specifically targeted to explore the Triaungulum/Andromeda overdensity. However, none of our I-[Mg/Fe] stars are one of these targets. In the following kinematical and dynamical analysis we will examine whether our I-[Mg/Fe] stars belong to the same stellar population as these two overdensities, and discuss the implications of our results for this explanation of their origin.
In summary, the halo sample of stars observed by APOGEE at distances from the plane larger than 5 kpc and distances from the Galactic Centre less than 25 kpc range in metallicity over −2. in several trends is evident. This split has already been detected in several previous works (Nissen & Schuster 2010; Fernández-Alvar et al. 2018; Hayes et al. 2018a) . However, this is the first time the distribution of the metal-rich tail with z is explored. Our sample reveals that this split into chemically distinct halo stellar populations reaches distances up to |z| ∼ 10 kpc from the Galactic plane.
Kinematics
In order to explore the kinematical properties of our sample of halo stars, we separate the sample into two groups -those with metallicities lower than group moving with a V similar to the rotation of the Galatic disc. (Robin et al. 2014) , the ISM component with a density mass similar to that preseted in Robin et al. (2013) , and a Hernquist stellar halo mass distribution like that in Robin et al. (2014) . GravPot16 has been adopted in a number of recent papers (see, e.g., Fernandez-Trincado et al. 2016 , 2017a Recio-Blanco et al. 2017; Albareti et al. 2017; Tang et al. 2017; Helmi et al. 2018 , Schiappacasse-Ulloa et al. 2018 Tang et al. 2018 , Contreras Ramos et al. 2018 , Libralato et al. 2018 . For a more detailed discussion, we refer the reader to a forthcoming paper (Fernandez-Trincado et al., in preparation (Brunthaler et al. 2011) .
By combining GravPot16 with measurements of radial velocity, absolute proper motion, distance, and sky position, we run 10 5 orbit simulations for each of the metal-rich halo stars, taking into account the uncertainties in the input data considering 1σ variations in a Gaussian Monte Carlo (MC) approach. For each generated set of parameters, the orbit is computed backward in time up to 2.5 Gyr. From the integrated set of orbits, we compute (i) r peri , the perigalactic radius, (ii) r apo , the apogalactic radius, (iii) the orbital eccentricity, defined as e = (r apo −r peri )/(r apo + r peri ), (iv ) the average energy of the star < E >, (v ) the average angular momentum < L z >, and (vi) the absolute maximum vertical amplitude above the Galactic plane, |z max |. The average value of the orbital elements was found for 10 5 realizations, with uncertainty ranges given by the 16 th and 84 th percentile values (1σ ). A second non-axisymmetric Galactic potential is employed, based on the axisymmetric model of Allen & Santillan (1991; AS91) . A Galactic prolate bar with a similar distribution of mass is constructed with the mass in the spherical bulge of this model; its potential is given in Pichardo et al. (2004) . The total potential has been rescaled to the Sun's Galactocentric distance and LSR velocity employed in AS91. The present orientation of the major axis of the Galactic bar is taken as 20 • , and the angular rotation speed of the bar is 45 km s −1 kpc −1 . We obtain consistent results using both models, demonstrating the robustness of our results. The metal-poor subsample of stars is more symmetrically distributed around < L z >= 0 than stars in the metalrich subsample. However, in this metal-poor range there are stars moving on more retrograde orbits than those in the metal-rich range, and also stars showing larger energies. The < ecc > vs. L z panel reveals that stars moving with < L z >∼ 0 tend to have larger excentricities, and < ecc > decreases as the orbits are more prograde or retrograde. This is the case for stars in both the metal-poor and metal-rich ranges.
Orbital parameters as a function of chemistry
Overall, the metal-rich stars follow the metal-poor trends, except for a group of stars with more prograde, low excentricity (< ecc >< 0.4), and relatively less-bound orbits; most if these stars are in the I- A Kolmogorov-Smirnov test shows that, comparing the four metal-rich groups in < E > and |z max |, the hypothesis of belonging to the same distribution can be rejected It is evident that the orbits for the I-[Mg/Fe] group differ greatly from the other groups. They are characterized by prograde orbits with low eccenticities, reaching relatively low z max but with large energies (i.e., they are less bound). These stars are those with the most prograde orbits. An example of the stellar orbits for two of these stars are plotted in the bottom panels in Figure 10. 3.3.4 < E > and < L z > trends with |z max | Figure 12 shows the trends of the mean energy, < E >, and mean angular momentum, < L z > with |z max |, for the high-[Mg/Fe] and MMR stars (top panels, dots and triangles respectively) and the low-[Mg/Fe] and I-[Mg/Fe] stars (low panels, dots and triangles respectively), with colours indicating the mean eccentricity, < ecc >. There is an evident correlation of < E > and < L z > with < ecc > and |z max |.
In the case of the high-[Mg/Fe] and MMR stars, those with orbits with higher energies tend to have lower eccentricities. Stars that reach higher z max tend to be more eccentric. Stars with more prograde rotation exhibit lower eccentricities and reach lower z max . Stars with < L z >∼ 0 cover a broader range in z max , reaching larger values than stars at lower excentricities.
The I-[Mg/Fe] group are well-confined in a narrower range of < E > and < L z > than the low-[Mg/Fe] sample. The latter show a trend of higher z max as < E > increases. Stars reach lower z max as < L z > decreases, i.e., the orbits are more prograde. 4 DISCUSSION
Previous analysis and the novelty of this work
The metal-rich tail observed in our halo sample splits into three different The other one, a group of stars with [Mg/Fe] ∼ +0.1, and highly prograde motions with low eccentricity, reaching ∼ 8 kpc from the Galactic plane, achieving relatively large r max and r min during their orbits, and are significantly less bound to the Galaxy (< E >∼ −1300). The positions of these stars on the sky, as well as their rotational velocities, [Fe/H] , and [Mg/Fe] abundances agree with those corresponding to the two stellar overdensities, Triangulum/Andromeda and A13, recently pointed out by Bergemann et al. (2018) and Hayes et al. (2018b) . They propose that these stars were born in the disc but later heated into to their actual orbits due to tidal effects from a merger.
Our orbital parameters support the hypothesis that a merger is likely to have been involved; their chemistry certainly points to formation in the Galactic outer disc. However, the sample of stars here exhibited had not been previously reported in previous works. Our I-[Mg/Fe] group is new sample of stars likely belonging to these two stellar overdensities, with orbital parameters compatible with the disc origin claimed in previous works.
Nissen & Schuster (2010 & Schuster ( , 2011 identified two distinct stellar populations in a local volume, within 350 pc centreed on the Sun. Hayes et al. (2018a) statistically verified that these two chemically distinct trends were the dominant populations for stars with [Fe/H] < −0.9. Fernández-Alvar et al. (2018) revealed the same two distinct trends, selecting halo stars by their kinematics (large radial velocities), and covering Galactocentric radii up to beyond 20 kpc. This is also the case in the recent Haywood et al. (2018) work. However, this is the first time we see that these two populations are those dominating in the MDF metal-rich range located at distances up to ∼10 kpc from the Galactic plane. The high-[Mg/Fe] population dominates at low |z|, and both populations decrease in number with increasing |z|. At |z| larger than 10 kpc, the metal-poor halo dominates.
The metal-rich halo stars considered by Bonaca et al. (2017) have orbits that are preferentially aligned with the disc rotation. Nissen& Schuster (2010) also performed a kinematical analysis of these two metal-rich [α/Fe] populations. They found that the high-α stars tend to have prograde orbits, whereas low-α stars show preferentially retrograde orbits. Schuster et al. (2012) derived orbital parameters for these metal-rich halo stellar populations. They found differences between the high-α and low-α orbital parameters -the former showed tyical values of r max ∼ 16 kpc, z max ∼ 6-8 kpc and e max ∼ uniformly distributed over [0.4,1.0]; the latter, r max ∼ 30-40 kpc, z max ∼ 18 kpc, and e max ∼ 0.85. Our results are consistent with these values. We also detect low-[Mg/Fe] stars reaching |z max | > 25 kpc.
In line with Haywood et al. (2018) , in this work we improve the precision of the orbital parameters derived due to the higher accuracy of the Gaia DR2 proper motions, and also provide the energies and angular momenta of the orbits. We see that high-[Mg/Fe] stars exhibit more-bound orbits which move closer to the Galactic plane than the low- [Mg/Fe] population. The latter are characterized by a broad spectrum of energies and distances reached during their orbits. Our analysis confirm that the low-[Mg/Fe] population tends to reach larger r max and |z max |. However, we do not see a clear difference in the e max distribution between the populations. Our low-[Mg/Fe] sample also do not exhibit preferentially retrograde orbits. We also report a trend of the mean energy and angular momentum with the eccentricity and maximum z reached during the orbits, for both stellar populations. In the case of the high-[Mg/Fe] population, stars that reach higher z during their orbits are less bound, have a mean angular momentum closer to 0, and a larger mean eccentricity. The low-[Mg/Fe] stars show the same trends for < E > but the opposite behaviour for < L z > and < ecc > with z max . 4 without the contribution of iron from SNIa, which implies that they formed in an environment with a very high star-formation rate during a relatively short time (less than ∼1 Gyr), and were likely enriched by many massive stars (top-heavy initial mass function), as shown by Fernández-Alvar et al. (2018) . Some stars with larger [Fe/H] and lower [Mg/Fe] show similarities in their orbital parameters, which leads one to suspect that they belong to the same population as the high-[Mg/Fe] group, but formed later than the first SNIa exploded, i.e., beyond the knee of the population. This chemical patterns are the same as those for thickdisc stars. However, the stars in our halo sample are located at distances from the plane larger than expected for members of the thick disc. Additionally, our high-[Mg/Fe] stars exhibit velocities and mean angular momentum for their orbits centred on 0, i.e., these high-[Mg/Fe] stars move with almost no net rotation; some are even on retrograde orbits.
Are they a previously undetected continuation of the thick-disc component at larger |z|? Did they from the same cloud that formed the thick-disc stars (which would explain the similar chemistry)? The lack of rotation implies that these stars formed before this cloud had settled into a disc-like configuration. If this is true, how have these stars reached the same [Fe/H] as the thick disc once the gas settled into one which produced stars on more prograde orbits?
Stars born in the disc may reach large |z| in their orbits if there were somehow perturbed into more chaotic orbits. However, this can only be the case for those stars showing low angular momenta, but large excentricities. Those stars with low excentricities could have not moved to such high |z| in the absence of a significant merger event. If the high-[Mg/Fe] stars in our sample originally formed as thick-disc stars and now have larger orbits and lower angular momentum, the merger had to be relatively massive in order to be able to change the stellar orbits so substantially.
To explain the presence of high-[Mg/Fe] stars with low eccentricities there is the possibility of gas accretion and interaction with the material in the process of forming the thick disc; such stars would have orbits that are dependent on the kinematics of the accreted gas. The accreted gas from which they formed could have reached the nascent thick-disc region with low radial velocity with respect to the Galactic Centre; therefore the resulting stars would preserve the low eccentricity of the gas, but reach large |z| as a result of the impulse from the collision. This scenario appears less compelling than the merger scenario. 
CONCLUSIONS
We have analysed a sample of 516 halo stars located at |z| > 5 kpc from the Galactic plane, selected from the DR14 APOGEE database. We derive the MDF as a function of |z|, and detect a metal-rich tail up to |z| > 10 kpc. We perform a chemical analysis of this metal-rich halo tail using the elemental abundances derived by the ASPCAP pipeline, and a kinematical and dynamical analysis deriving orbits from the radial velocities also provided by the APOGEE DR14 database, spectroscopic distances from the StarHorse code, and high-quality proper motions from Gaia DR2. Our main conclusions are the following:
(i) The halo MDF derived extends to both metal-poor and metal-rich tails. The metal-rich halo stars with [Fe/H] > −0.75 are on orbits that reach distances up to |z| > 10 kpc from the Galactic plane.
(ii) The metal-rich halo tail is characterized by three chemically distinct groups in the [Mg/Fe] (iv) The high-[Mg/Fe] stars exhibit a distribution of V with primarily prograde rotation, although some stars show retrograde motions. The √ U 2 +W 2 distribution has a double peak at ∼ +50 and ∼ +125kms −1 . Their orbits are more bound to the Galaxy and closer to the Galactic plane than the low-[Mg/Fe] stars. They typically exhibit large eccentricities, < ecc >> 0.7.
(v) The low-[Mg/Fe] group has a V distribution centreed around zero net rotation, although slightly skewed toward prograde motions. They also exhibit somewhat larger √ U 2 +W 2 than the high-[Mg/Fe] stars. Their orbits are less bound and reach larger z max and r max .
(vi) The I-[Mg/Fe] stars exhibit the largest prograde motion of the metal-rich halo sample, and move on loweccentricity (< ecc >∼ 0.1) orbits that are relatively close to the Galactic plane However, they are significantly less bound to the Galaxy, and reach large r max and r min during their orbits. the same trends for < E > but the opposite trends for < L > z and < ecc > with z max . We believe that the most likely explanation for the observed properties of the halo stars in our sample is that a significant fraction of them arose due to influence of a relatively massive accretion event that had a strong interaction with a nascent thick disc, as has been suggested by a number of recent studies. Clearly, more detailed comparisons with numerical simulations would prove illuminating.
